Introduction
Direct electrical cortical stimulation is one of the several available methods 4 for localizing functional regions prior to neurosurgical resection of a brain lesion (e.g., epilepsy or glioma surgery). Cortical mapping protocols commonly involve 50-60 Hz constant current stimulation in 1-3 s bursts. 1 The electrical stimulus is delivered via either implanted subdural grid electrodes or a handheld probe. There are various ways to detect the effect of stimulation as for example, muscle responses in the EMG (motor mapping) or the patient's ability to perform different types of language-related tasks (language localization). In the latter case for example, 50-60 Hz stimulation of the Broca area produces speech arrest. Seizure is a well-known complication from direct electrical cortical stimulation. Besides being a hazardous event for the patient it may also interfere with the sometimes tightly scheduled preoperative examinations. If possible, it is therefore highly recommended to monitor epileptiformic after-discharges in the EEG. In this context, an alternative technique by stimulating with much shorter trains 3 may become the new 'gold standard'. The method is significantly less epileptogenic 2 and seems to be equally efficient in localizing motor areas near the central sulcus. Typically, short-train stimulation (STS) consists of 5-7 consecutive pulses, each pulse having a duration of 0.5 ms and separated by a 3 ms interval. 3 Yet, while there seems to be a trend towards the use of STS instead of 50-60 Hz stimulation during motor mapping, there is to our knowledge very little information on whether this technique is also useful for mapping out eloquent areas. In this case report, however, we present a patient who had clear speech arrest in response to STS.
Case report
In May 2007, this 32-year-old man presented with focal seizures, sometimes with secondary generalization. The previous history was unremarkable besides minor problems with headache and dizziness. On clinical examination there were no motor or sensory deficits. All reflexes were normal. There was no speech disturbance. MRI revealed a tumor with little contrast enhancement in the left lateral frontal region (in the patient's dominant hemisphere). The MRI findings suggested that the tumor was located in proximity to the Broca area (F3 gyrus). The preliminary diagnosis based on the MRI findings was low-graded oligodendroglioma. The patient was planned for a staged surgical procedure starting with a craniotomy and subdural grid electrode implanta- Direct electrical stimulation of functional cortical areas is a standard procedure in epilepsy and glioma surgery. Many previous studies support that stimulation of the motor cortex with short-train pulses is a less epileptogenic alternative to the 50-60 Hz 'Penfield' technique. However, whether the short-train stimulation is useful also in mapping of speech areas is unclear. In this case report we present a patient with oligodendroglioma near the Broca area. Extraoperative electrical stimulation via a subdural grid electrode was primarily performed to locate the speech area. The cortex was stimulated with short-train pulses (5 pulses, 0.5 pulse duration and 3 ms interpulse interval) in addition to 1-3 s 50 Hz stimulation. The patient had speech arrest from both types of stimulation techniques during a naming task. It was however critical that the short (14.5 ms) train stimulation was synchronized with the presentation of the naming objects. If not, there was no speech arrest. Despite this possible pitfall, this case has encouraged us to further try short-train stimulation in attempts to reduce stimulus-triggered seizures during mapping of eloquent areas.
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tion (6 Â 8 array, Dixie medical, Besançon, France). The next day, the patient was transferred to the neurophysiological department for extraoperative cortical mapping. Tumor resection was performed on day 3.
Mapping technique
The patient was monitored throughout the mapping procedure with multichannel EEG connected to the grid electrodes. EMG was recorded from facial muscles and from the submentalis region, the latter with the aim to detect tongue muscle activity. Stimulusassociated events were also documented on video. Single words and drawings of objects for language-related tasks (reading and naming) were presented on a computer screen with a frequency of one presentation once every second. Constant current stimulation of the cortex (Grass S88 and SIU7, Grass Technologies, Astro-Med Inc., RI, USA) was performed in a step-wise fashion (3-8 mA, 1-2 mA increments). If there were after-discharges in the EEG, stimulation was either reduced in intensity or temporarily cancelled. All 48 electrodes were used for 1-3 s 50 Hz ('Penfield') stimulation in a bipolar montage (1-2, 3-4, etc.). If there were any indications of a stimulus-induced response from the patient, the pair-wise electrodes were tested separately, that is, by anodal monopolar 50 Hz stimulation with a distant electrode acting as cathode. In a final procedure, STS (5 pulses, 0.5 ms pulse duration and 3 ms interstimulus interval) was also applied on those electrodes that were tested with monopolar stimulation. The short trains were delivered with a frequency of 1-2 Hz.
Results
The patient had most obvious speech arrests during the naming task from 50 Hz stimulation at grid positions 45-46 and 47-48 (Fig. 1 ). There were no signs of sustained muscle activity from the submentalis region (i.e., tongue muscle contractions). The four electrodes were then tested with monopolar stimulation, which produced speech arrest at three locations (46-48) with the lowest stimulus threshold (6 mA) at electrode 48. More relevant for this case was the final mapping procedure with STS. Again, STS produced speech arrest in electrode position 46-48 with the lowest threshold for electrode 48. There was no speech arrest from STS stimulation at other grid electrode positions. However, there was only an effect if the STS occurred simultaneously with the introduction of a new naming object for the patient. Unintentionally, the STS was sometimes delivered 'out of phase' with the presented objects. In those cases, the patient managed to name objects accurately. After-discharges occurred at several occasions but they all appeared during stimulation of non-functional areas.
As shown in Fig. 1 , the involved electrodes (46-48) were in close proximity to the tumor area. Eighty to ninety percent of the tumor was removed during surgery, intentionally leaving a thin tissue margin adjacent to the Broca area. The patients had no postoperative deficits.
Discussion
This case report provides evidence that STS of Broca's area produces speech arrest in a similar way as 50-60 Hz stimulation. According to a recent review of the literature of stimulationassociated seizures during motor mapping, 2 there is a significantly lower risk of developing seizures from STS (1.2%) than 50-60 Hz stimulation (9.6%). It is reasonable to assume that the much shorter stimulus duration for STS (14.5 ms) compared to 50-60 Hz stimulation (1-2 s), explains the decreased risk of seizures although STS is delivered with a higher frequency (286 Hz). These results may also be valid for direct stimulation of other cortical areas such as the Broca area. It was of great importance to realize that speech arrest from STS was critically dependent on the synchronization between stimulation and introduction of a new naming object on the computer screen. Apparently, the brief (14.5 ms) stimulus was sufficient to interfere with the patient's normal speech processing whereas if the stimulus was delivered while the patient waited for a new object to appear, there was no sustained effect, i.e. speech arrest. This seems to be a possible pitfall in the technique. There was, however, no detailed investigation of the timing characteristics for this phenomenon.
In conclusion, this case report provides some evidence that direct electrical stimulation with short trains produces speech arrest in similar way as 50 Hz stimulation and may serve as a less epileptogenic technique for mapping eloquent areas.
